The study was conducted to investigate the effects of land use, depth and topography on soil physicochemical properties at the Wadla Delanta Massif, northcentral Ethiopia. Four land uses (natural forest, shrub, grazing and cultivated land), three soil depths (0-20, 20-40, 40-60 cm) and three topographic positions (upper, middle and lower) in three replications were considered for this study. A total of 108 composite samples were collected for laboratory analysis. The results show that particle size distribution was affected by the main effects of land use and soil depth; bulk and particle densities, total porosity, organic matter and total nitrogen contents, C:N ratio and available phosphorus were significantly affected by the interaction of land use by soil depth only, whereas, soil pH, electrical conductivity, exchangeable bases, cation exchange capacity, percent base saturation and extractable micronutrients were affected by the interaction effects of the three factors. Highest clay and bulk density were recorded at the bottom layer of the cultivated land soils, while the utmost porosity, organic matter and nitrogen contents, and available phosphorus were recorded at the surface layers of the natural forest land soils. Highest pH was at the bottom layer of the cultivated land at the three topographic positions. Highest exchangeable bases and cation exchange capacity were observed in the bottom layers of soils under the four land use types at the lower topographic position, whilst extractable micronutrients were recorded at the surface layers of the forest land soils at the upper topographic position. In general, most of the measured soil properties were measured better in forest than in other land use soils and the lower topographic positions than the upper and middle ones. Interaction of land use with topography showed negative effects especially on cultivated and grazing land soils in all topographic positions. Therefore, integrated soil fertility management and soil conservation measures are required in all topographic positions to maintain soil physicochemical properties.
Introduction
Topography plays a vital role in biogeochemical processes which performs key environmental, economic and social functions (Griffiths et al., 2009) . Any spatial patterns depend on soil forming processes, our understanding of which is still limited, especially in regards to topographic effects. As the landscape is undulating, soil characteristics at different topographic positions differ. Soils vary in their characteristics primarily because of topography (Amhakhian and Achimugu, 2011) which modifies soil water relationships and large extent influences on rainfall, drainage, soil erosion, textural composition and other soil properties that affect plant growth within a field (Atofarati et al., 2012) . Topographic variability associated with crop production is an integrated reflection on soil properties and factors affecting agricultural productivity (Dinaburga et al., 2010) .
The numbers of studies have publicized (Si and Farrell, 2004; Reuter et al., 2005; Griffiths et al., 2009 ) a clear association between land uses and topographical parameters (slope, soil surface curvature and elevation). Topography of agricultural fields can influence soil physicochemical properties (soil depth, texture, and mineral contents), biomass production, incoming solar radiation, precipitation and affect crop production. As an increased topography/elevation significantly increased soil moisture, precipitation, soil organic matter and labile carbon, whereas bulk density, pH and soil temperature were significantly lower at the higher elevations.
Heterogeneity by biophysical and socioeconomic factors makes to play a vital role in observed patterns of deforestation and reforestation. The conversion of natural forest into cultivated and grazing lands caused losses of soil nutrients. On cultivated land soils, cation exchange capacity, organic matter and total nitrogen contents are depleted by 50, 87 and 76%, respectively, whereas bulk density is increased by 21.42% (Nega and Heluf, 2009) . The cultivation periods also influence soil physicochemical properties. As per cultivation periods various scholars (Mulugeta et al., 2005; Eyayu et al., 2009; Mojiri et al., 2012) revealed that as the cultivation period increase the bulk density also increase, whereas soil organic carbon and total nitrogen contents are reduced by 50.4 and 59.2%, respectively. Soil texture is also an indicator of soil features vis-à-vis types of parent material, homogeneity and heterogeneity within the profile, migration of clay and intensity of weathering of soil material or age of soil (Aminu et al., 2013) . The highest clay content is found in subsoil layers of the cultivated land soils at the lower topographic position (Bahrami et al., 2010; Fungo et al., 2011; Aung et al., 2013) .
As per high population growth and shortages of lands (Daniel, 2008; Diress, 2010; Abate, 2011; Messay, 2011) publicized that crop productions in Ethiopia are still being carried out by deforestation, on steep slopes, marginal lands and fragile soils with inadequate investments in soil conservation measures which also aggravates soil erosion. The effects may not be of equal magnitude on different topographic positions and soil depths. This implies different in management requirements. The way of the farming system is traditional; modern agricultural technology is not applied in most parts of the country. As a result, many agricultural land soils in Ethiopia have reached unreturned point. Nowadays, shortages of land for cropping and grazing have forced the farmers to eliminate the fallowing practice on the flatter areas and to remove crop residues for household fuels and animal feeds which in turn have led to the reduction of soil nutrients and crop productivity.
The situation at the study area is worse and the soil resource has degraded at an alarming rate. Consequently, the sustainability of agriculture and the livelihood of the community are under threat. To come up with sound management practices, investigating the impacts of the interaction of these factors is imperative. The main objective of this study was, therefore, to investigate the effects of different land uses, soil depths and topographic positions on soil physicochemical properties at the Wadla Delanta Massif, northcentral highlands of Ethiopia
Materials and Methods

Description of the Study Area
The study was conducted at the Wadla Delanta Massif in Delanta District, northcentral highlands of Ethiopia (Figure 1 ). The study area lies between 11° 29 ' 29.82" to 11° 41' 25.53" N and 39° 02' 19.19" to 39° 14' 05 .04" E with elevation ranges from 2600 to 3500 meters above sea level and covering an area of 24,025 ha. It is located at about 499 km north of Addis Ababa and 98 km northwest of Dessie town, South Wello Zone.
According to WAOR (2013) , the total area of the District is 105678 ha stretching from lowland to highland, much of it being in the mid-altitude ranges dominantly plateau plains. Average land holding size is one hectare per household (0.75 ha for crop production and 0.25 ha for grazing). Among the total area of the District, 24025 ha was covered by this study along toposequence which was mainly situated in plain areas with altitude ranges from 2600 to 3500 masl in the north, northwest and west from the center of the District town (Wegel Tena). 
Geomorphology and Topography of the Study Area
The major landforms of the study area comprise extensive plateaus, chains of hills with mountainous ridge, oval in shape with dendritic drainage pattern, numerous convex hills at the plain area, river-valleys and very deep gorges at the boundary. About two-third of the area, embracing altitude ranges from 2100-3500 m, was highly populated. The remaining one third of the District is located mainly along the river valleys on the east, southeast, north and northwest location which range from 1500-2100 m. Topography of the highland plateaus especially; those are elevated above 3000 m which are dominated by chains of hills. According to WAOR (2013) reports, the general classification of the area is about 30% mountainous, 30% plains, 36.5% gorges and 3.5% other land features.
Climate and Land Use Systems of the Study Area
The traditional agro-ecological classification of the study area falls in all the categories that basically correlated with elevation. These are Kolla, Woina-dega, Dega and Wurch (Table 1 ). The climate of the area is characterized by dry seasons ( October to February cold-dry and March to June hot-dry) and wet season (mid-June to September). Getahun (1984) .
The rainfall pattern is bimodal with peak periods from mid-July to early September. For fifteen years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) mean annual rainfall of the study area was about 812 mm of which 60-70% is received in summer (Kiremt) and 40-30% in the spring (Belg) seasons. The mean annual minimum and maximum temperatures are 6.8 and 19.6°C, respectively (Figure 2 ). People are living the upper topographic position and their farming activities primarily depend on spring (Belg) rains, whereas the middle and lower topographic positions rely on both the summer (Kiremt) and spring (Belg) rains. As a result, the small, erratic and unreliable rainfall, the area is prone to sporadic droughts. The land use systems in the area are both private (farming) and communal (grazing) land holdings which can be identified through land use patterns. Cultivated and grazing lands are the major land use types in the area which account 22 and 8%, respectively. The largest proportion (45%) of the land in the study area is currently unutilized and the remaining (25%) is covered by shrub/bush, and natural and plantation forests. Agriculture is the predominant economic sector which is over 95% of the population engaged in this sector (WAOR, 2013) . The farming system is both livestock and crop production which is characterized by subsistence agriculture. The overall farming system is strongly oriented on the way of crop production to sustain farmers' livelihoods. It is practiced using oxen and horses for land ploughing and threshing. Crop residues and intensive grazing are major livestock feed resources in the area.
The common rainfed crops grown in the area are bread wheat (Triticum aestivum L.), food barley (Hordenum vulgare L.), faba bean (Vicia faba L.), lentil (Lens culinaris L.), grass pea (Lathyrus sativus L.), chickpea (Cicer arietinum L.) teff (Eragrostis tef L.) and sorghum (Sorghum bicolor L.). All these crops are managed using traditional techniques and equipment. Moreover, few types of vegetables, fruits, root crops and spices are also produced. Most of the arable land is under rainfed farming while very small area is under irrigation at the valley bottom or around riverbanks to produce vegetables and fruits (WAOR, 2013) .
The natural woodland and vegetation of the study area has disappeared due to overgrazing, increasing demand for fuel-wood and conversion into cultivated lands. There are small patches of remnant natural forests are found on farm boundaries and around churches. Planted tree species like Eucalyptus camaldulensis, Cupressus lustanica, Acacia saligna and Acacia decurrens are common around homesteads and conserved areas. The Eucalyptus camaldulensis plantations are replacing the arable/cultivated lands and expanding on backyards, stream banks and gully sides (WAOR, 2013).
Geology and Soils of the Study Area
Geology of the study area is characterized by the trap series of tertiary periods, similar to much of the central Ethiopian highlands (Mohr, 1971) . As per Dereje et al. (2002) , the area is covered by Oligocene rhyolite and very thick ignimbrite units encompassing predominantly of alkaline basalt with numerous inter-bedded flow of trachyte. The granite, gneisses and basalt rock types exist in the area forming part of the basement complex and most of the soils are basaltic parent material. Soils of the study area are greatly influenced by topography with high surface runoff during the main rainy season. There was no scientific studies in the area before this study except for FAO/UNDP (1984) small scale soil survey (1:1 000 000 scales) at the national level. The local people have traditionally classified the soils, namely Walka or Mererie Afer (Vertisols) in the plain area and Nechatie or Gracha Afer (Cambisols and leptosols) in steep slope or mountainous area.
Site Selection, Field Description and Soil Sampling
Before collecting soil samples, the existing land information were gathered from farmers and elders coupled with a visual observation in various parts of the district, obtaining base map (1:50,000 scale), preparing provisional map to identify mapping units and sites for the augur sampling. The survey technique was a free survey following a stratified sampling technique and transect was drawn from the crest to the foot along the toposequence. The altitude of the study site ranged from 2600 to 3500 masl and divided into three topographic clusters: upper (>3000 m), middle (2900 to 3000 m) and lower (<2900 m).The study area was covered by an approximately 1:50,000 scale topographic map produced by Ethiopian Mapping Agency to determine different land units on the basis of topography and other external land characteristics (roads, rivers, schools, faith sites). Topographic maps were also used for locating important land features to assist in soil mapping.
Thus, four land uses (natural forest, shrub, grazing and cultivated) were selected for assessing the influence of land uses on soil physicochemical properties at the three topographic positions. The previous land use history was gathered verbally from elder farmers. The natural forest which is owned by the Orthodox Church has no history of land use changes as it is well protected by the church. Some of the churches were established before the regime of Ahmed Ibrahim Aligazi ('Ahmed Giragn') like 'Kera Mariam', 'Tir Tiria Giyorgis', some of them have more than 100 years and others less than 100 years. The natural forests are found in the oldest churches and the recent churches have no natural forest. The cultivated land which was originally covered by natural forest has been continuously under cultivation for the rainfed farming. The grazing lands are communal livestock grazing fields which was dominated by grasses and some bush lands.
A total of 108 composite soil samples were collected from four land uses (natural forest, shrub, grazing and cultivated), three soil depths (0-20, 20-40 and 40-60 cm) and three topography (upper, middle and lower) using three replications. Representative plots (10 × 10 m) were located for each land use in situ along the toposequence. Within each plot soil samples were collected using augur from five different points (at the four corners and at the center of the plot). The soil samples were air dried and crushed to pass through 2 mm sieve for the physicochemical analysis except for total nitrogen and soil OC which was sieved through 0.5 mm. Moreover, undisturbed soil core samples of known volume were collected from each land uses to determine soil bulk density.
Laboratory Analysis
Particle size distribution was determined using hydrometer method (Bouyoucos, 1962) . Bulk density ( b ρ ) was determined by core-sampling method (Baruah and Barthakur, 1997) . Particle density ( ρ P ) was measured with the liquid pycnometer method using de-aired water (Black and Hartge, 1986) . Total porosity ( ) f was computed from the measurements of soil dry bulk density ( b ρ ) and soil particle density ( ρ P ) as:
Soil pH was determined in H 2 O (pH-H 2 O) and 1M KCl (pH-KCl) using a glass electrode pH meter at the ratio of 1:2.5 soil to solution (Mclean, 1982) . Electrical conductivity (EC) was determined using a conductivity meter in a soil-water extract method (Rowell, 1994) . Organic carbon was analyzed by the wet digestion method (Walkley and Black, 1934) . Soil organic matter was computed by multiplying soil OC by a factor of 1.724 (Baruah and Barthakur, 1997) . Total nitrogen was determined by the micro-Kjeldahl digestion, distillation and titration method (Bremner and Mulvney, 1982) . Available phosphorous was analyzed using the Olsen sodium bicarbonate extraction solution (pH 8.5) method (Olsen et al., 1954) and the amount of available P was measured by spectrophotometer.
Cation exchange capacity and exchangeable cations were extracted by 1M ammonium acetate (pH 7) method (Van Reeuwijk, 1993) . Exchangeable Ca and Mg were determined using atomic absorption spectrophotometer (AAS) and exchangeable K and Na by flame photometer. Percent base saturation was calculated as the sum of the base forming cations (Ca, Mg, Na and K) dividing by the CEC of the soil and multiplying by 100. Available micronutrients (Fe, Mn, Cu and Zn) were extracted by diethylenetriaminepenta acetic acid (DTPA) method and the reading was quantified using AAS (Lindsay and Norvell, 1978) . The analyses were conducted at Haramaya University all parameters except exchangeable cations and micronutrients which were analyzed in Sirinka Agricultural Laboratory Center, all in Ethiopia.
Data Analysis
Land uses, soil depths and topographic positions were considered as main factors. The various data on soil physicochemical parameters were subjected to three-way analysis of variation (ANOVA) using the general linear model (GLM) procedure of statistical analysis system (SAS) software, version 9.2 (SAS, 2008) to find out whether variations in the soil attributes among land uses, soils depths and topographic positions were significant or not. The mean comparison was done using fisher's least significant difference (LSD) test at P < 0.05 significant level.
Results and Discussion
Land Use, Soil Depth and Topography Effects on Soil Physical Properties
Particle Size Distribution
Results of the statistical analysis reveal that particle size distributions were varied significantly at (P ≤ 0.05) as a result of the main effects of land use and soil depth only (Table. 2). Accordingly, the highest sand and silt contents were recorded in soils of the forest land and the surface layers, whereas the highest clay was found in soils of the cultivated land at the bottom layers. Although the statistical analysis showed significant differences contents of the three separates, the textural class remained the same across soils of the four land uses and three soil depths. Absence of textural class difference with soil depth in soils of all the lands uses indicates that the existence of weak translocation of materials within the soil system. The highest clay content observed in soils of the cultivated land could be attributed to the mixing of soil during tillage activities as was also reported by Heluf and Wakene (2006) , Tematio et al. (2011) , Aminu et al. (2013) and Aung et al. (2013) . 19 Means within a column followed by the same letter are not significantly different from each other at P > 0.05; Forest (N) = Natural forest; CV = Coefficient of variation and LSD = Least significant difference.
3.1.2 Bulk and Particle Densities, and Total Porosity Mean bulk and particle densities, and total porosity of soils in the study area were different (P ≤ 0.05) due to the interaction effects of land use by soil depth, while variation as a result of the interaction effect of the three factors was not significant (P > 0.05) (Table 3) . Consequently, the highest (1.32 g cm -3 ) and the lowest (1.16 g cm -3 ) mean bulk density values were recorded at the 40-60 cm layer of the cultivated land soils and surface layer of the forest land soils, respectively. The lowest bulk density recorded at the surface layer of the forest land soils could be attributed to the relatively high organic matter contents, whereas the highest bulk density in the bottom layer of the cultivated land soils might be the result of compaction from repeated cultivation, low organic matter and weight of the overlying soil material. The lowest bulk density observed in soils of the forest land could be attributed to the high organic matter contents as was also reported by Eyayu et al. (2009) and Mojiri et al. (2012) . The bulk density of the studied soils was fallen with the specified range as was suggested by White (1997) who revealed that bulk density is < 1 g cm -3 in high organic matter soils to 1.2 and 1.8 g cm -3 in sands and compacted horizons in clayey soils and it is largely affected by land uses and soil depth. The highest (2.68 g cm -3 ) and the lowest (2.53 g cm -3 ) mean values of particle density were registered at the surface soils of the cultivated land and at the subsurface (40-60 cm) layers of the forest land soils, respectively. The highest particle density recorded at the surface layer of the cultivated land could be attributed to the subsequent cultivation and low bulk density, whereas the lowest particle density in the bottom layer of the forest land soils might be due to low organic matter contents and high bulk density. The particle density of the studied soils was fallen with the specified range as was rated by Hillel (2004) who revealed that the mean particle density of most mineral soils ranges from 2.50 -2.75 g cm -3 , however the presence of iron oxide and heavy minerals are increased, but the presence of soil OM is decreased it.
The highest (58.55%) and lowest (48.98%) values of total porosity were recorded at the surface and subsurface (40-60 cm) layers of the forest land soils, respectively. These differences might be occurred due to the differences in bulk density. The highest total pore space at the surface layers in general and the forest land could be accredited by high organic matter contents and low bulk density as was also reported by Gupta (2004) and Brady and Weil (2008) who revealed that the amount of pore spaces and soil organic matter have inversely related to bulk density. All factors that affect soil pore spaces will also have effects on bulk density.
Land Use, Soil Depth and Topography Effects on Soil Chemical Properties
Soil pH and Electrical Conductivity
The variation of mean soil pH-H 2 O and KCl as a result of the interaction effect of land use X soil depth X topographic position was significant (P ≤ 0.05) ( Table 4 ). The lowest pH-H 2 O was registered at the surface layer of the forest land soils in the upper topographic position, while the highest was recorded at the 40-60 cm layers of the cultivated land soils at the lower topographic position. The lowest pH at the surface layer of the forest land could be the result of high organic matter content, while the highest pH in the bottom layer of the cultivated land could be the result of accumulation of basic cations. The range of soil-water pH interpretation was suggested by Jones (2003) , the pH of the studied soils found between slightly acidic to neutral. Forest (N) = Natural forest; pH = pH (H 2 O -KCl); EC= Electrical conductivity Results show that the highest pH-KCl was recorded at the 40-60 cm soil depth of the cultivated land in the lower topographic position, whereas the lowest was observed at the surface layer of the forest land in the upper topographic position. The highest pH-KCl observed at the deeper layer of the cultivated land at the lower topographic position could be attributed to the leaching of basic cations and soil erosion through tillage as was also reported by Fungo et al. (2011) and Kumar et al. (2012) . The basic cations, CEC and pH have strong positive relations with each other.
In the studied soils, the highest electrical conductivity (EC) was registered in the bottom layer of the cultivated land soils at the lower topographic position, while the lowest was recorded in the surface soils of the cultivated land at the upper topographic position. This might be associated with leaching and soil erosion caused by continuous farming and removal of crop residues. In accordance with USDA/NRCS (2002) soil ratings, the EC of the studied soils was non-saline.
Soil Organic Matter, Total Nitrogen, C:N Ratio and Available Phosphorus
The mean soil organic matter content was significantly (P ≤ 0.05) affected by the interaction effect of land use X soil depth, but no by the interaction effect of the three factors (Table 5) . Following this, the highest mean organic matter content was recorded at the surface layer of the natural forest land soils, whilst the lowest was observed in the bottom layers of the shrub, grazing, and cultivated land soils. The intensive cultivation, which removes crop residue and intensifies oxidation of organic matter, and over grazing, which removes the sources of organic matter, might have resulted in low organic matter content in the study area as was also reported by Nega and Heluf (2009) .
Similar to organic matter content, the mean total nitrogen content of the soils was also significantly (P ≤ 0.05) ep.ccsenet.org Environment and Pollution Vol. 5, No. 2; different among soils of the three land uses and soil depths due to the interaction effect of land use X soil depth, while it was not affected significantly (P > 0.05) by the interaction of the three factors (Table 5 ). This is expected because organic matter is the major source of soil organic matter and total nitrogen contents. Results indicate that conversion of the natural forest into cultivated land has resulted in loss of 80.4% of total nitrogen from the soils. Considerable loss of total nitrogen from soils following conversion of land from forest to cultivated land has been reported in many studies (Mulugeta et al., 2005; Eyayu et al., 2009; Mojiri et al., 2012) . In consent with the trends observed in this study, various studies (Bahrami et al., 2010; Heshmati et al., 2011; Taye, 2011) reported lower total nitrogen content in soils of cultivated lands as compared to soils of natural forest lands.
Ratings were stated by Tekalign (1991) , the organic matter and total nitrogen contents of the studied soils fall in the range of very low to high and low to medium, respectively at various land uses and soil depths along the toposequence. Most of the studied soils were less than 0.5% of total nitrogen which might be due to high rates of microbial decomposition and nitrogen transformation took place at the cultivated lands. 9.46 C:N= Carbon to nitrogen ratio; LSD = Least significant difference; CV = Coefficient of variation; Means within a column followed by the sme letter have no significant differences (P > 0.05) Being a derived parameter, the C:N ratio was also affected by the interaction of land use X soil depth only (Table  5) in which case the highest ratio was observed at the bottom layers of the shrub, grazing and cultivated land soils. These were also soils with the lowest organic matter and total nitrogen contents, implying that the proportional decrease in total nitrogen with soil depth was more than that of the organic matter. Except at the bottom layers of the grazing and cultivated land soils, the C:N ratio was within the normal range reported for mineral soils.
In general, the results obtained in this study indicate the deleterious impacts of over grazing and intensive ep.ccsenet.org Environment and Pollution Vol. 5, No. 2; cultivation on soil organic matter and total nitrogen contents of soils. This will negatively affect the fertility status of the soils, and thus, the agricultural productivity and sustainability. Measures that restrict limit over grazing of the grazing lands and add more organic matter into soils of the crop land should be practiced in the study area. Nevertheless, the effects of land use changes on soil organic matter and total nitrogen content did not vary on the different topographic positions.
The interaction effect of land use X soil depth on mean available phosphorus content was significant (P ≤ 0.05), while the variation in topographic position and interaction effect of the three factors did not affect it significantly (P > 0.05) ( Table 5 ). The highest (24.9 mg kg -1
) and the lowest (1.8 mg kg -1 ) mean available P values were recorded at the surface layer of the forest land soils, and the bottom layers of the grazing and cultivated land soils, respectively. This clearly shows the significant contribution of the soil organic matter content to the P pool of the soils in the study area. In line with this, the positive effects of soil organic matter on available P, by forming organophosphate complexes that are more easily assimilated by plants and anion replacement of H 2 PO from adsorption sites, were reported in different studies (Abebe and Endalkachew, 2012; Nega and Heluf, 2013; Yihenew and Getachew, 2013) .
As per available P ratings of Cottenie (1980) , the available P content of the studied soils falls in the range of very low to medium across the different land uses and soil depth along the toposequence. Murphy (1968) , Tekalign et al. (2002) and Abebe and Endalkachew (2012) also reported low availability of P in most Ethiopian soils including Vertisols and attributed this to the effects of copious crop harvest, erosion, fixation and low accumulation of soil organic matter content.
Cation Exchange Capacity, Exchangeable Bases and Percent Base Saturation
The variation of mean exchangeable bases as a result of the interaction effect of the three factors (land use X soil depth X topographic position) were significant (P ≤ 0.05) ( Table 6 ). In general, the highest mean exchangeable Ca was found in the bottom layers of soils under the four land use types at the lower topographic position, whilst the lowest values were recorded at the surface layers of soils under the four land use types at the upper and middle topographic positions. This shows the existence of some erosion from the upper topographic position and subsequent deposition at the lower position and downward leaching of this cation within the soil system. The trends observed for the other exchangeable bases, however, were not consistent.
In the studied soils, Ca and Mg were the dominant cations. This is in agreement with the finding of Fassil and Yamoah (2009) who indicated that in neutral Vertisols the exchangeable sites are mainly occupied by Ca and Mg and to small extent by K and Na. Following exchangeable bases ratings suggested by FAO (2006) , the soils were high to very high in their K, Ca, and Mg and low to medium in exchangeable Na.
The variation of mean cation exchange capacity (CEC) as a result of the interaction effect of land use X soil depth X topographic position were significant (P ≤ 0.05) ( Table 6 ). Following this, the highest mean CEC was registered in the bottom layers of soils under the four land use types at the lower and middle topographic positions, whereas the lowest values were observed at the surface layers of soils under the four land use types at the upper topographic position. The highest CEC in the bottom layers of all land uses at the lower and middle topographic positions could be the result of the high clay content accumulation, whilst the lowest CEC at the surface layers of all land uses at the upper topographic position could be the result of leaching and downward movement of clay particles as was also reported by Fassil and Yamoah (2009 ), Nega and Heluf (2009 ) and Deekor (2012 . As per the ratings were suggested by FAO (2006) , the CEC of the studied soils qualified in the range of high to very high across the different land uses and soil depth along the toposequence.
Results of the statistical analysis reveal that percent base saturation varied significantly (P ≤ 0.05) as a result of the interaction effect of land use X soil depth X topographic position (Table 6 ). The percent base saturation values ranged from 64.22 to 87.08% at the surface layers and 65.44 to 94.85% at the bottom layers. The trends showed for the percent base saturation, however, were not constant due to the effects of exchangeable bases and cation exchange capacity. The factors that affect the basic cations also affect percent base saturation. As per percent base saturation ratings was suggested by Hazelton and Murphy (2007) , the percent base saturation content of the studied soils qualified in the range of high to very high across the different land uses and soil depth along the toposequence.
Extractable Micronutrients
The variation of mean extractable micronutrients as a result of the interaction effect of the three factors (land use X soil depth X topographic position) was significant (P ≤ 0.05) ( Table 7) . As a whole, the highest mean extractable micronutrients were recorded at the surface layer of the forest land soils at the upper topographic positions, whilst the lowest values were observed in the bottom layers of soils under the grazing and cultivated land use types at the lower and middle topographic positions. The highest values of micronutrients at the surface layer of the forest land could be the result of the high organic matter content, while the lowest values of micronutrients in the bottom layers of the grazing and cultivated land use types could be associated to high soil pH which might be due to the accumulation of basic cations.
Extractable Fe ranged from 2.43 to 8.42 mg kg -1 . The highest Fe value was found at the 0-20 cm soil depth of the forest land at the upper topographic position, whereas the lowest Fe was found at the 40-60 cm soil depth of the cultivated land at the middle topographic position. Extractable Mn ranged from 3.75 -7.19 mg kg -1 . The highest Mn was recorded at the surface soil of the shrub land at the upper topography and lowest at the 40-60 cm soil depth of the grazing land at the lower topographic position (Table 7) . It seems that the Fe the highest values were related to the presence of high organic matter content. As per the ratings were suggested by Lindsay and Norvell (1978) , most of the studied soils were medium to high contents of Fe and Mn. They were adequate for plant growths which are above the critical limit 4.5 mg kg -1 for Fe and 1 mg kg -1 for Mn.
Extractable Cu varied from 1.10-4.47 mg kg -1
. The highest Cu was recorded at the surface soils of the forest land at the upper topography and lowest at the bottom layers of soils of the grazing land at the middle topography. Extractable Zn ranged from 1.43-4.87 mg kg -1 . The rating was proposed by Lindsay and Norvell (1978) , the values of extractable Cu and Zn were found in the range of adequate for normal plant growth which are above the critical limits (> 0.5 mg kg -1 ) for Cu and (> 1.5 mg kg -1 ) for Zn. Means within a column followed by the same letter are not significantly differences at P > 0.05
Conclusion
The results show that the soils of the cultivated land in all topographic positions require more attention in order to sustain the agricultural activity in the area. The level of basic nutrients of soil organic matter, total nitrogen and available phosphorus in all sites are extremely low at the cultivated land soils as compared to others. This studies reinforce the sustainable crop production on these soils will require the maintenance of the productive potentials of the soils by cautious use of fertilizers and continuous use of compost, crop rotation, fallowing and intercropping leguminous crops with cereals. Moreover, the removal of crop residues on farm, the free grazing system and the current cropping practices on rugged and hill slopes to be ceased and changed into other land use systems.
